ABSTRACT
INTRODUCTION
Thermal and mechanical properties of high performance alloys are strongly affected by changes in the microstructure due to thermo-mechanical treatments during the production processes. In addition to changes in the microstructure these processes often go along with the accumulation of residual stresses on different length scales [1] . The macroscopic stresses (type I stresses) occur over the whole component. Superposed to these, intergranular and interphase residual stresses (type II stresses) on the microscopic scale may be generated. These microscopic stresses are strongly dependent on the microstructure of the sample. They result from the elastic and plastic anisotropy of both, grains of the same phase (intergranular stresses) and grains of different phases (interphase stresses) [2] . This coexistence of macrostress and microstress is also present, at least in a simple way, during external loading of a uniaxial tensile specimen. A powerful tool to determine the occurring stresses are diffraction methods [3] . In this paper we present the results 
MATERIAL
Inconel 718 (IN718) is a nickel based high temperature superalloy. Its chemical composition can be seen in table 1. The alloy is strengthened by sequences of thermal processes resulting in the precipitation of additional phases in the fcc Nickel matrix. Precipitates which can be found in the Ni matrix are: the stable δ-phase, the stable γ'-phase, and the metastable γ''-phase [4, 5] . The hard orthorhombic δ-phase, which is formed inevitably during the service of high temperature components, leads to an undesirable embrittlement of the material. The face centered cubic γ'-and the body centered tetragonal γ''-phases are used to strengthen the superalloy by an increase in yield strength and ductility. Therefore, different thermal standard treatments resulting in the precipitation of γ'-and γ''-phase are widely used in industry. 
SAMPLES
All measurements were made on round tensile test specimens of IN718. The total length of the specimens was 60 mm with a gauge length diameter of 6 mm. We explored three sample sets differing in microstructure. The first sample set is made from ingot material of IN718 used in industry (Sample A). The other two sample sets consist of thermally treated ingot material. The first thermal treatment favours the precipitation of the brittle δ-phase (Sample B). The second treatment (Sample C) is equivalent to the standard heat treatment of IN718 used in industry and to facilitate the precipitation of the γ'-and γ''-phases. Because all specimens were machined from the same cylindrical ingot material and subjected to similar heat treatment procedures texture can be assumed as equivalent in all sample sets.
EXPERIMENT
The measurements on all three sample states were carried out at the neutron residual stress diffractometer E3 at BENSC at Helmholtz-Zentrum Berlin, Germany [6] . 
RESULTS AND DISCUSSION
The stress-lattice strain diagrams for all observed lattice planes are shown in figures 2a) to 2c) with the macroscopic stress bulk strain curves for all three sample states given in figure 2d modulus of E = 194 GPa, the best representation of the macroscopic material response is given by the {311} and the {200} planes for all three sample states (see table 2 ). The {311} lattice planes slightly overestimate the macroscopic Young's modulus whereas, for the {200} planes it is somewhat too low. The worst agreement between the macroscopic material response and the stress lattice strain behaviour is found for the {222} planes.
The accumulated residual lattice strains (microstrains) after a macroscopic unloading of the samples are shown in table 3. As seen in figure 2d ) the plastic bulk strain levels of samples A (approx. 7%) and C (approx. 6%) are similar, whereas sample B was strained to approx. 11% up to the onset of necking. Correction of the accumulated microstrains to the same plastic bulk strains was omitted for sample B because the resulting changes in the residual lattice strains doesn't affect the tendencies discussed in the following. For all three sample states the lattice planes with the highest accumulated microstrains are the {200} (tensile strains) and the {220} (compressive strains) planes. Therefore, the Bragg reflections resulting from scattering at these lattice planes are less favourable choices to derive residual stresses because the results could be highly influenced by microstrains. This conclusion is in accordance with earlier results [2, 9] .
The residual lattice strains of the {311} planes are almost zero for the A and C sample states, whereas the {311} planes of sample state B show a clear tendency to accumulate compressive microstrains after the macroscopic unloading of the sample. A similar effect can be seen for the The different behaviour of the same lattice planes in different sample states can be explained with the mechanisms of residual lattice strain evolution in the samples. The accumulated microstrains after macroscopic unloading of the samples are a mixture of intergranular and interphase microstrains. Therefore, they result from the plastic and elastic anisotropies of the different crystallographic directions of both, the Ni-matrix and the additional precipitates in the matrix.
Here, the microstrains were determined only for the Ni matrix, not for precipitates. The ingot material of IN718 is almost free of additional phases. It can be treated as a single phase material.
In the B and C sample states different phases are precipitated. The material of sample state C shows mainly the γ'-and γ''-phases, whereas the material of sample state B exhibits a high amount of the brittle and hard δ-phase. The different precipitates have a significant effect on the heterogeneous stress distribution amongst the different grain orientations. In case of the {311} and {222} lattice planes even the sign of the residual lattice strain development is affected. For a detailed explanation of this effect, the determination of the elasto-plastic material parameters of the different phases and the role of coherency stresses have to be investigated.
CONCLUSION
The data show that the microstructure of the sample has to be taken into account for the choice of the best Bragg reflection for residual stress analyses. For the investigated IN718 sample states at hand one can draw the following conclusions: Due to its capability to render the macroscopic Young's modulus and its very low accumulation of residual lattice strains, the (311) matrix Bragg reflection will be the best choice for residual stress determination in the matrix-phase of the ingot material and the γ'-and γ''-strengthened IN718 sample. For the δ-phase enriched material, the (200) reflection appears to be the most reliable reflection for the determination of macroscopic residual stresses. More investigation is necessary to see if this conclusion can be more generally applied.
